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ABSTRACT 

Background A retrospective analysis of deaths 
registered in the Brazilian Mortality System was 
conducted to quantify the under-reporting of HIV/AIDS 
deaths and those misclassified to AIDS-related conditions 
in the 15-49 years old population in Brazil. 
Methods Death rates for AIDS-related diseases were 
calculated by age and sex for 1 985-2009. Changes in the 
age-sex-specific death rates over time were used to 
identify conditions likely to be misclassified AIDS deaths 
and to quantify the corresponding number of misclassified 
deaths. Deaths due to ill-defined causes were redistributed 
across all other natural causes of death. The resulting total 
number of AIDS deaths was further adjusted for 
incompleteness of the mortality reporting system. 
Results Out of the 28 potential causes of death 
investigated, five increased in the same distinct age pattern 
as AIDS: pneumonia, Kaposi's sarcoma, other 
immunodeficiencies, other septicaemia and toxoplasmosis. 
1 8 490 deaths due to these five causes were recoded to 
HIV/AIDS from 1985 to 2009. 38 145 deaths due to ill- 
defined causes were redistributed to AIDS and 15 485 
were added to the number of AIDS deaths to correct for 
completeness of the mortality system in Brazil. Altogether, 
72 120 deaths were recoded to AIDS between 1985 and 
2009 and added to the reported 194 445 AIDS related 
deaths in the country, representing 27% misclassification of 
AIDS deaths in Brazil. 

Conclusions This study demonstrated that AIDS 
mortality is underestimated by the official mortality 
information system in Brazil. Efforts need to be made to 
reduce misclassification of causes of death in the future 
and identify ways in which the confidentiality of information 
regarding cause of death can be maintained. 



INTRODUCTION 

The Joint United Nations Programme on HIV/ AIDS 
(UNAIDS) assists countries in producing HIV esti- 
mates and analysing the levels and trends of the epi- 
demic and its demographic impact using the 
Estimation and Projection Package (EPP) and 
Spectrum software. The models and assumptions 
used are based on recommendations of the UNAIDS 
Reference Group on Estimates, Modelling and 
Projections and incorporate the latest research find- 
ings on the epidemiology of HIV The EPP and 
Spectrum software tools have been described in 
detail elsewhere. 1 2 Spectrum provides estimates on 
several indicators related to HIV/AIDS 7 among them 
the number of AIDS deaths 7 the number of people 
living with HIV/AIDS 7 treatment coverage and the 
number of new HIV infections. 



In countries with concentrated epidemics like 
Brazil 7 a disparity has been observed between the 
estimated AIDS mortality produced by the model 
and the AIDS mortality reported by the countries. 
For these countries the model produces an estimated 
number of deaths from AIDS which is higher when 
compared to the reported figures. A possible explan- 
ation is that the model overestimates AIDS mortal- 
ity. On the other hand 7 the fact that the Mortality 
Information System may not cover the entire popu- 
lation and that AIDS deaths might have been certi- 
fied and coded as other diseases could lead to an 
underestimation of AIDS mortality statistics. 

The purpose of this study is to discover the 
causes that may be sources of misclassification of 
AIDS deaths and to quantify the misclassified and 
under- reported AIDS deaths in the 15-49-year-old 
population in Brazil from 1985 to 2009 7 comparing 
the results with the estimates yelled by the EPP 
and Spectrum software tools and with the number 
of AIDS deaths reported by Brazil 

METHODS 

The study is a retrospective analysis of deaths 
reported in the Brazilian Mortality System. 

Data 

The Department of sexually transmitted diseases 
(STD) 7 AIDS and Viral Hepatitis of Brazil (D-DST/ 
AIDS) reports and monitors the trends of AIDS 
mortality by the number of deaths reported in 
the Mortality Information System (Sistema de 
Informagoes sobre Mortalidade — SIM) that have HIV/ 
AIDS as the underlying cause of death 7 coded as B20 
to B24 in the International Statistical Classification of 
Diseases and Related Health Problems — tenth revision 
(ICD-10 3 ). Information on death certificates issued in 
Brazil is entered in datasets without personal identi- 
fiers and is available online at http://tabnet.datasus. 
gov.br/ tabdata/ sim/ dados/ cid 1 0_indice.htm. 

To select the proper underlying cause of death ; the 
Brazilian Ministry of Health has adopted the 
ICD-10 coding rules. It is not the authors 7 intention 
to describe these rules due to their complexity but 
the reader can find them 7 if needed 7 on the second 
volume of the ICD-10. 4 In order to put these rules 
into operation 7 an automated coding system 7 named 
Primary Causes Selection System (Seletor de Causas 
Basicas — SCB-10) was implemented in Brazil. It 
interprets the codes of the diagnoses contained on 
the death certificates and automatically selects the 
underlying cause of death. 5 
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Figure 1 Reasons for underestimation 
of AIDS deaths by the countries' 
official mortality system. 
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For a death to be coded as HIV/AIDS there must be mention 
to HIV/AIDS in the death certificate and 7 if more than one 
cause of death is listed 7 there must be a causal relation between 
the causes listed and the underlying cause of death. Hence 7 the 
absence of mention to HIV/AIDS on the death certificate could 
lead to misclassification of AIDS deaths. 

There are a number of factors that could explain the absence 
of HIV/AIDS on these death certificates: (1) the HIV status of 
the patient may be unknown and the immediate cause of 
death may be reported; (2) there is a strong social stigma 
attached to HIV/AIDS and patients may be reluctant to reveal 
their HIV status and request their doctors not to do so; and 7 
(3) doctors 7 concerns about the maintenance of confidentiality 
of cause-of-death details on the death certificate . 

Also 7 according to the ICD-10 underlying cause of death 
selection rules 7 a death may also be considered as HIV/ AIDS 
if there is mention to HIV/ AIDS in any line of the death cer- 
tificate and there is also mention to a condition that should 
be considered a direct consequence of HIV/ AIDS. The condi- 
tions that are assumed to be direct consequences of HIV/ 
AIDS are: Kaposi's sarcoma 7 Burkitt 7 s tumour 7 and any other 
malignant neoplasm of lymphoid 7 haematopoietic and related 
tissue 7 classifiable to C46 or C81-96; and any infectious 
diseases classifiable to A00-B19 7 B25-B49 7 B58-B64 7 B99 or 
J 1 2— J 1 8 . This list was elaborated in 1993 7 before antiretroviral 
therapy had become available. Since in more recent years 
people living with HIV/AIDS who are on antiretroviral 
therapy are presenting excess mortality when compared to the 
general population from causes that were not in the initial 
list 7 6 7 there may be additional misclassified AIDS related 
deaths that are not being captured by the initial list of AIDS 
related causes. 

Finally the coverage of the Mortality Information System has 
to be taken into account. Not all deaths that occur in Brazil are 
reported. The Brazilian Ministry of Health calculates that in 2007 7 
89.7% of deaths in Brazil were registered in the system. 8 Figure 1 
illustrates the reasons for underestimation of AIDS deaths. 

In this paper the term 'misclassified 7 refers to deaths which 
in reality were due to AIDS but which were not reported as 
such in the death certificates by the certifiers. 'Under-reported 7 
refers to those deaths which were not declared or registered in 
the civil registries. 



Individual mortality records of all deaths which occurred 
from 1985 to 2009 in Brazil with information on age 7 year of 
death 7 gender and underlying cause of death were analysed. To 



Table 1 Diseases to be investigated as possible sources of AIDS 
deaths misclassifications, and their ICD codes 



Disease 


ICD-9 codes 


ICD-10 codes 


Candidiasis 


112, 771.7 


B37, P37.5 


Invasive cervical cancer 


180 


C53 


Coccidioidomicosis 


114 


B38 


Cryptococcosis 


117.5 


B45 


Cryptosporidiosis 


007.8 


A07.2 


Cytomegaloviral disease 


078.5 


B25 


Herpes simples 


054 


BOO, P35.2, A60 


Histoplasmosis 


115 


B39 


Isosporiasis 


007.2 


A07.3 


Kaposi's Sarcoma 


part of 172 


C46 


Lymphoma 




C82-C85 


Tuberculosis 


010-018, 137 


A15-A19, B90 


Pneumocystosis 


136.3 


B59 


Progressive multifocal 


046.3 


A81.2 


leukoencephalopathy 






Salmonella septicaemia 


003.1 


A02.1 


Toxoplasmosis 


130, 771.2 


B58, P37.1 


Wasting syndrome 


799.4 


R64 


Other immunodeficiencies 


279, except for 


D80-D84 




279.5 




Herpes Zoster 


053 


B02 


Purpura and other haemorrhagic 


287 


D69 


conditions 






Diarrhoea and gastroenteritis of 


0093 


A09 


presumed infectious origin 






Meningitis due to other and 


322 


G03 


unspecified causes 






Metabolic disorders 


270-278 


E70-88 


Lymphoadenopathy 


785.6 


R59 


Other septicaemia 


038 


A40-A41 


Other anaemia 


285 


D64 


Pneumonia 


480-486 


J12-16, J18 


Ill-defined causes 


780-799, 427.5, 


I46.9, I95.9, I99, J96.0, 




458.9, 459.9 and 


J96.9, P28.5 and R00 to 




770.8 


R99, except R95 
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Figure 2 Death rate due to AIDS (per 
100 000 inhab.) by age, sex and year. 
Brazil 1985-1995. 




Age group Age group 



calculate the death rate per specific causes of death 7 the popula- 
tion information by year 7 age and gender estimated by The 
Brazilian Institute of Geography and Statistics based on census 
and on population projections was used as denominator. 

Analysis 

The methodology used in this study is based on the use of 
common descriptive statistics rather than inferential statistics 
to detect misclassification and under-reporting of AIDS deaths. 
It is easily replicable and could help producers of statistics at 
country level to improve their mortality information. The 
method is presented in steps and the formulas used are shown 
in each step to facilitate replication of the method. 

Step 1 : analyse AIDS death rates by sex, age and year 

AIDS (ICD-9: 279.5 and 279.6; and ICD-10 codes: B20 to B24) 
death rates by age group and sex were calculated and graphed 
over time to allow their trends to be analysed and to check if 
1985 could be selected as the year pre-AIDS-epidemic to serve 
as reference to calculate excess mortality. The AIDS death rates 
(DRaids) were calculated by dividing the number of deaths due 
to AIDS (Naids a 7 s 7 y) for each age group (a) 7 sex (s) and year of 
death (y) by the population size for the same age group 7 sex 
and year (P a; s 7 y) (Formula 1). 



DR 



N 



AIDS c 



AIDS a,s,y 
P 

a,s,y 



(i) 



Step 2: calculate death rates for causes most likely to contain 
AIDS deaths 

To verify which causes of death may hide HIV/ AIDS deaths 7 
the death rate was calculated by disease (d) ; age group 7 sex and 
year of death (DRd ; a 7 s 7 y) (Formula 2). The death records with no 
information on age were redistributed proportionally to all the 
other age groups for the same year of death and gender. The 
causes that were investigated were the diseases that indicate 



HIV/ AIDS according to the Centers for Disease Control and 
Prevention (CDC) classification 9 and the causes of death that 
were shown to hide AIDS deaths in another study 10 (table 1). 



MR, 



•d,a,s,y 



N d,a,s, 



(2) 



Step 3: graph death rates of the causes to be investigated over 
time 

The death rates due to diseases described on table 1 were 
graphed over time so that their trends could be assessed. 
If trends similar to HIV/AIDS were found in the graphs the 
disease was considered a source of misattributed AIDS deaths. 
This criterion was applied to determine a set of 'source 7 causes 
from which deaths would be taken and allocated to HIV/AIDS. 

When analysing the mortality trends 7 one important issue 
must be observed: the ICD revision used over the period analysed. 
In Brazil 7 causes of death were coded by ICD-9 rules from 1985 to 
1995 and by ICD-10 from 1996 onwards. Since the ICD-10 is 
more detailed, some diseases that were coded specifically in 
ICD-10 did not have a unique code in ICD-9 7 for example 7 
Kaposi 7 s sarcoma. For that reason 7 when it was not possible to 
compare the ICD revision 9 and 10 codes 7 the analysis was per- 
formed in two separate time periods: 1985-1995 and 1996-2009. 

Step 4: calculate excess mortality from causes likely to contain 
misclassified AIDS deaths 

The excess mortality was calculated for those causes that were 
found to be AIDS deaths sources in step 3. For the 1985-1995 
period 7 when ICD-9 codes were used 7 the number of expected 
deaths (Exp) due to that specific cause was calculated by apply- 
ing the death rate of 1985 7 the year considered 
pre-AIDS-epidemic 7 by sex and age group to the population of 
each year by sex and age group (Formula 3). For the second 
period 7 from 1996 to 2009 7 when ICD-10 was used to code the 
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Figure 4 Death rate due to Kaposi's 
sarcoma (per 100 000 inhab.) by age, 
sex and year. Brazil 1996-2009. 
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causes of death 7 the death rate of 2009 was used to calculate 
excess mortality; as this was the year considered to have the 
best quality data and the lowest number of miscodifications 
(Formula 4). Next 7 the expected number of deaths per age and 
sex group was subtracted from the observed number of deaths 
(Obs) 7 resulting in the excess number of deaths (Exc) which 
were recoded to AIDS (Formula 5). 



Ex Pd,a,s,y 


— DRd,a,s,1985 • P S;S7y 


(3) 


Ex Pd,a,s,y 


— DRd,a,s,2009 ■ Pa^y 


(4) 


ExCd,a,s,y - 


= Obs d , ajS)y • Exp d>a>s>y 


(5) 



Step 5: redistribute deaths due to ill-defined causes 

Deaths due to ill-defined causes were distributed proportionally 
to the other natural causes 7 including AIDS. To do so 7 first the 
number of deaths due to natural causes (NNat) was tabulated 
by age 7 sex and year. The expected proportion of AIDS deaths 
(PropAiDs) in the total number of deaths by natural causes was 
calculated by age 7 sex and year (Formula 6). Then 7 the propor- 
tion of AIDS deaths (Prop A iDs) was applied to the total 
number of deaths due to ill-defined causes (Nm-def) to calculate 
the expected number of AIDS deaths that were coded as ill- 
defined causes (Exp A iDS-in-def) (Formula 7). 



Pr °PAIDS 
^ x Paids-iu — def,a,s,y 



_ NmdS a,s,y 
N]\Jat a,s,y 
Pr0 PAIDS a ,s,y N in-def,a,s,y 



(6) 

(7) 



Step 6: adjust for level of completeness 

The last step was to adjust the results according to the level of 
incompleteness of the mortality system (Incomp). This level 



was estimated by dividing the overall death rate calculated 
using the Brazilian mortality data (ObsDR) by the WHO 
overall estimated death rate (EstDR) for Brazil by age group 7 
sex and year/ 1 and subtracting the result from 1 (Formula 8). 
Finally; to achieve the total number of AIDS deaths by age 7 sex 



and year (T 7 



AIDS ; a 7 s 7 y;; 



the number of AIDS deaths obtained in 



steps 4 and 5 (NAiDS 7 4-5 7 a 7 s 7 y) was scaled-up by the proportion of 
incompleteness (Formula 9). The final number of AIDS deaths 
per year (F A iDS 7 y) was calculated by the sum of the total 
number of AIDS deaths calculated for all age groups and both 
genders 7 per year (Formula 10). 



Incomp a 



1 



Obs 



DR,a,s,y 



EstDR, a ,s,y 

TAIDS,a,s,y = NaIDS 4-5,a,s,y + (NaIDS 4-5,a,s,y I ncom P a ,s,y) 



(8) 
(9) 



FAIDS,y = ^2 ^ AIDS a,s,y (10) 

The estimates derived from this study were graphed and com- 
pared with the official Brazilian statistics and to the estimates 
resulted from EPP/Spectrum. 

The tabulation of the number of deaths and of death rates 
by sex 7 age and year 7 the construction of line graphs for the 
analysis of trends 7 and the quantification of misclassified and 
under-reported AIDS deaths were performed in Excel spread- 
sheets. The calculation of the 95% Poisson CIs was done in 
SPSS 13. 



RESULTS 

The analysis of the AIDS death rates by age group and year 
showed that 1985 could be considered a pre-AIDS-epidemic 
year 7 since it shows rates close to zero for both genders. The 
graphs also depict the AIDS mortality trends by age group and 
sex in Brazil showing that after 1985 death rates started to rise 7 
reaching their peak in 1995. After that, death rates decrease and 
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Figure 5 Death rate due to other immunodeficiencies (per 100 000 inhab.) by age, sex and year. Brazil 1985-1995. 
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Figure 6 Death rate due to other immunodeficiencies (per 100 000 
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inhab.) by age, sex and year. Brazil 1996-2009. 



the curves move to the right reflecting the increase of age at 
the moment of death with time (figure 2). 

Five specific causes demonstrated the same age pattern distri- 
bution over the years as AIDS and were considered to be 
sources of AIDS deaths misclassification in Brazil: toxoplasmo- 
sis 7 Kaposi's sarcoma 7 other immunodeficiencies 7 other septicae- 
mia and pneumonia. 

The Kaposi's sarcoma death rate distribution shows two dif- 
ferent patterns of curves. One formed from 1985 to 1995 when 
ICD-9 was used and another formed from 1996 and on 7 when 
ICD-10 was in operation. The malignant skin melanomas 
death rate (figure 3) shows peaks in 1995 when compared to 
1985 for some age groups. Since the overall mortality decreased 
from 1985 to 1995 and AIDS mortality increased in the same 
period 7 it is logical to think that AIDS deaths were coded as 
Kaposi's. Figure 4 shows that Kaposi's death rate reaches high 
figures for some age groups in 1996 7 when AIDS mortality was 
high in Brazil and after that, similar to AIDS 7 it decreases. 
Since it is not possible to compare across periods with different 
versions of ICD 7 the death rate from 2009 7 the year considered 
to have the best quality data 7 was applied to the population 
from 1996 to 2009 to calculate excess mortality. 

The analysis of other immunodeficiencies was also done by 
the ICD version. In 1990 and 1995 there are peaks of high 
death rate when compared to 1985 for some age groups (figure 
5). The 1985 death rate was used to calculate excess mortality 
for this first period. Figure 6 shows that for the year 1996 7 
when AIDS mortality was still high 7 the death rate for other 
immunodeficiencies is lower for most age groups when com- 
pared to subsequent years 7 meaning that in the second period 
other immunodeficiencies were not a source of AIDS deaths 
misclassifications. Therefore 7 the excess mortality for other 
immunodeficiencies was calculated only for the first period. 

It is observed in figure 7 that mortality due to toxoplasmosis 
increased considerably with increasing mortality from AIDS 7 
and after 1995 decreased and moved to the right showing a 



similar pattern to AIDS. The coefficient for 1985 was applied to 
the population from 1985 to 2009 to calculate excess mortality. 

All pneumonias should be considered as consequences of con- 
ditions that damage the immune system such as AIDS 7 malig- 
nant neoplasms 7 malnutrition and diseases causing paralysis 7 
such as cerebral haemorrhage and thrombosis. 4 However 7 in 
Brazil from 1985 to 2009 there were 882 881 deaths with pneu- 
monia as the underlying cause of death. Chart analysis was 
done by ICD version because there is no direct relation 
between ICD-9 and ICD-10 codes for pneumonia. It was 
observed in figure 8 that the death rate for pneumonia in 1995 
was higher than previous years. The death rate for 1985 was 
applied to the population from 1986 to 1995 to calculate excess 
mortality. In figure 9 one can see that the death rates for 1996 
are higher than those of other years except 2009 7 when there 
was an epidemic of H1N1 influenza and many deaths due to 
this flu were coded as pneumonia. Thus 7 the 2008 death rate 
was applied to population from 1996 to 2008 to calculate 
excess mortality. 

It is observed in figure 10 that the death rate from other 
septicaemia in 1995 is higher than that for the previous years 
for all age groups in men and for women over 35 years. The 
death rate for 1985 was applied to the population from 1986 to 

1995 to calculate excess mortality. Figure 11 shows that the 
death rates for 1996 are higher than other years in the age 
groups most affected by AIDS and then decrease, similar to 
AIDS. The 2009 death rate was applied to the population from 

1996 to 2009 to calculate excess mortality. 

520 deaths due to Kaposi's sarcoma, 8090 deaths due to 
pneumonias, 198 deaths due to other immunodeficiencies, 8479 
deaths due to other septicaemia and 1203 deaths due to toxo- 
plasmosis were recoded to HIV/AIDS from 1985 to 2009, com- 
prising a total of 18 490 AIDS deaths misclassified as other 
diseases (table 2). 38 145 deaths due to ill-defined causes were 
redistributed to AIDS and 15 485 were added to the number of 
AIDS deaths to correct for completeness of the mortality 
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Figure 8 Death rate due to 
pneumonia (per 100 000 inhab.) by 
age, sex and year. Brazil 1985-1995. 
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system in Brazil. Altogether, 72 120 deaths were recoded to 
AIDS between 1985 and 2009 7 representing 27% of all AIDS 
deaths. The number of AIDS deaths before and after recoding is 
shown in table 2. 

Figure 12 compares the number of AIDS deaths reported to 
the Brazilian Mortality Information System with the number 
estimated by EPP/Spectrum and the number estimated by the 
present study. The results point to an underestimation of AIDS 
deaths by the Brazilian Mortality Information System and an 
overestimation of AIDS deaths by EPP/Spectrum. 

DISCUSSION 

This is 7 to our knowledge, the first study that has aimed to iden- 
tify and quantify AIDS deaths misclassification and under-report 
at a National level in Brazil. Other authors have estimated the 
extent of AIDS death misclassifications in the state of Rio de 
Janeiro by linking data of patients from two HIV/ AIDS cohorts 
with data from the Mortality Information System in Rio de 
Janeiro. 7 Their methodology is 7 unfortunately impossible to 
apply at a National level. However, the method presented in this 



study has been demonstrated to be a simple and easy replicable 
way for countries to assess misclassification and under-report of 
AIDS deaths and yielded similar results to the study conducted 
in Rio de Janeiro (23% of misclassification in our study for 
2000-2006 and 25% in the study conducted in Rio de Janeiro for 
the same period). 

This study identified five HIV/ AIDS related causes of death 
that are sources of HIV/AIDS deaths misclassification. Other 
septicaemias and pneumonias accounted for the majority of 
the excess deaths attributed to AIDS. Ideally these cases 
should have had HIV/ AIDS mentioned in their death certificate 
to ensure coding of these deaths to HIV/ AIDS. 

One of the five causes, other immunodeficiencies, presented a 
different pattern when compared to the others considered sources 
of AIDS deaths misclassification. It demonstrated a pattern 
similar to AIDS in the first period analysed (1985-1995), but a 
pattern different from AIDS in the second one (1996-2009), sug- 
gesting that other immunodeficiencies were only a source of 
HIV/AIDS deaths misclassification in the first period. One 
explanation is that in the beginning of the first period, when 
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Figure 9 Death rate due to pneumonia (per 100 000 inhab.) by age, sex and year. Brazil 1996-2009. 
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Figure 10 Death rate due to other septicaemias (per 100 000 inhab.) by age, sex and year. Brazil 1985-1995. 
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Figure 1 1 Death rate due to other 
septicaemias (per 100 000 inhab.) by 
age, sex and year. Brazil, 1996-2009. 



Males 



Females 





ICD-9 was used 7 there was no official code for HIV/AIDS. At that 
time HIV/AIDS was considered to be a disorder involving other 
immune mechanisms and it is likely that HIV/ AIDS deaths were 
coded as other immunodeficiencies. In the second period 7 when 
ICD-10 was enforced 7 there was a specific code for HIV/AIDS and 
clearer instructions for HIV/AIDS coding; also 7 the fact that HIV/ 
AIDS was moved from the chapter of 'endocrine, nutritional and 
metabolic diseases and immune disorders 7 in ICD-9 to the 'infec- 
tious and parasitic diseases 7 chapter in ICD-10 could have contrib- 
uted to reduce the misclassification of HIV/AIDS deaths as other 
immunodeficiencies from 1996 to 2009. 

Some causes that are considered to be HIV/ AIDS related 
could not be investigated due to the small number of deaths. 
This is the case for coccidioidomicosis 7 cryptococcosis 7 crypto- 
sporidiosis 7 cytomegaloviral disease, herpes simples 7 histoplas- 
mosis 7 isosporiasis 7 pneumocystosis, progressive multifocal 
leukoencephalopathy salmonella septicaemia, herpes zoster, 



purpura and other haemorrhagic conditions and lymphoadeno- 
pathy. They were considered the underlying cause of death in 
0.08% of the deaths in the 15-49-year-old population from 
1985 to 2009. If all deaths due to these causes were to be con- 
sidered AIDS deaths, an extreme assumption, an increase of 1% 
in misclassification would apply for each year. 

Tuberculosis, which is likely to be a source of AIDS deaths 
misclassification could not be analysed because its death rate 
decreased during the period analysed. Because our methodology 
depends on the identification of an excess of cause-specific 
deaths compared to the pre-AIDS period, it was not possible to 
assess misclassification of AIDS deaths as tuberculosis. The fact 
that tuberculosis deaths could not be accounted for may have 
led to an underestimation of the true number of AIDS deaths. 

Of all deaths recoded to HIV/AIDS, 53% were due to ill- 
defined diseases. This result is higher than that found by the 
study carried out in Rio de Janeiro, Brazil by Pacheco et al 7 They 



Table 2 AIDS deaths, excess mortality, adjustments for ill-defined diseases and completeness, AIDS deaths after recoding and per cent of AIDS 
deaths misclassified/under-reported in the 15 to 49-year-old Brazilian population, 1985-2009 



Year 


Reported AIDS 
deaths 


Excess mortality 
(step 4) 


Adjustment ill-defined 
(step 5) 


Adjustment for completeness 
(step 6) 


Final estimated number 
of AIDS deaths (95% CI) 


% of misclassification/ 
under-report 


1985 


130 


0 


31 


14 


175 (150 to 202) 


26 


1986 


347 


709 


218 


138 


1413 (1340 to 1488) 


75 


1987 


831 


422 


256 


148 


1656 (1577 to 1738) 


50 


1988 


1769 


779 


489 


307 


3345 (3232 to 3460) 


47 


1989 


2863 


765 


694 


426 


4747 (4613 to 4884) 


40 


1990 


4756 


592 


1073 


615 


7036 (6873 to 7202) 


32 


1991 


6523 


593 


1355 


810 


9281 (9093 to 9471) 


30 


1992 


8016 


846 


1597 


966 


11425 (11216 to 11636) 


30 


1993 


10207 


1319 


2003 


950 


14479(14244 to 14716) 


30 


1994 


11943 


1696 


2259 


920 


16817 (16563 to 17073) 


29 


1995 


13380 


1548 


5002 


842 


20773 (20491 to 21057) 


36 


1996 


13259 


1591 


2595 


1304 


18749 (18482 to 19019) 


29 


1997 


10563 


1258 


2090 


931 


14842 (14604 to 15082) 


29 


1998 


9322 


1260 


1961 


710 


13253 (13028 to 13481) 


30 


1999 


8992 


882 


1921 


560 


12356 (12139 to 12575) 


27 


2000 


9164 


630 


1834 


855 


12483 (12264 to 12703) 


27 


2001 


9215 


732 


1805 


761 


12513 (12295 to 12734) 


26 


2002 


9303 


638 


1781 


650 


12372 (12155 to 12592) 


25 


2003 


9379 


598 


1731 


544 


12252 (12036 to 12471) 


23 


2004 


9065 


523 


1629 


462 


11679 (11468 to 11893) 


22 


2005 


8898 


493 


1384 


510 


11286 (11078 to 11496) 


21 


2006 


8802 


293 


1138 


458 


10691 (10489 to 10896) 


18 


2007 


9057 


169 


1104 


741 


11071 (10866 to 11279) 


18 


2008 


9242 


101 


1094 


658 


11096 (10890 to 11304) 


17 


2009 


9419 


52 


1101 


204 


10776 (10573 to 10981) 


13 


Total 


194445 


18490 


38145 


15485 


266565 (265554 to 267579) 


27 
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Supplement 



Figure 12 Number of reported AIDS 
deaths, number of AIDS deaths 
estimated by this study and number of 
AIDS deaths estimated by EPP/ 
Spectrum for the 1 5-49 years old 
Brazilian population, 1985-2009. 
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documented that 25% of deaths among people living with HIV 
did not have HIV/AIDS codes listed in their death certificate 7 
and 26% of those deaths were coded as ill-defined causes. One 
reason that could explain the difference between the figures is 
that in this study we considered the chances of an AIDS death 
to be coded as ill-defined to be equal to the chances of any other 
natural death to be coded as ill-defined 7 and we redistributed ill- 
defined deaths proportionally among all natural causes of death. 
The same rationale was applied to address completeness of 
reporting. We considered completeness among AIDS deaths to 
be the same as among other causes of deaths. But 7 since 86% of 
reported AIDS deaths occur in hospitals compared with 40% of 
all the other natural deaths (non published data) 7 it is possible 
that completeness of reporting is higher for AIDS deaths com- 
pared to other natural causes of death. 

The results revealed a decrease over time in the proportion of 
AIDS deaths which were misclassified. Several factors may have 
accounted for this decrease. (1) The introduction of the highly 
active antiretroviral therapy (HAART) treatment in 1996 which 
decreased the number of AIDS deaths 7 hence there were fewer 
deaths to be misclassified; (2) the shift from ICD-9 to ICD-10 
version resulted in a smaller number of deaths being classified as 
ill-defined (from 18.2% in 1990 to 7.2% in 2009) 8 which would 
have hidden some AIDS deaths; (3) completeness has increased 
gradually over time (from 87% in 1990 to 99% in 2009 for 
males; and from 80% to 95% for females in the same period) 7 con- 
tributing less to the misclassification of AIDS deaths. In 
summary from 1985 to 2009 all these improvements have sub- 
stantially contributed to lowering the number of misclassified 
AIDS deaths. 

Nevertheless 7 there is one limitation of the study that could 
also lead to a decrease in the proportion of misclassified AIDS 
deaths over time: the fact that diseases not traditionally related 
to HIV/AIDS were not accounted for. Since people living with 
HIV are increasingly dying of causes not traditionally consid- 
ered to be direct consequences of HIV/AIDS 6 12 " 16 it is likely 
that the number of deaths due to AIDS in this study was 
underestimated for the most recent years. 

Unlike the study of South African data which revealed that 
up to 94% of all AIDS deaths were misclassified and identified 
in a broad range of causes from intestinal infections and menin- 
gitis to nephritis, cancer and cardiovascular diseases, amongst 
others/ 0 this study showed clearly that in Brazil the source 
causes of misclassified deaths were restricted solely to the 
causes which are well-documented AIDS-defining conditions, 
leaving other cause-of-death patterns undistorted. 

In conclusion, this study has shown that AIDS mortality is 
underestimated by the official mortality information system in 



Brazil. Efforts need to be made to reduce misclassification of causes 
of death in the future and identify ways in which the confidential- 
ity of information regarding cause of death can be maintained. 



Key messages 



► The findings have shown that AIDS mortality is underestimated 
by the official mortality information system in Brazil. 

► This study identified five HIV/AIDS related causes of death 
that are sources of HIV/AIDS deaths misclassification: 
pneumonia, Kaposi's sarcoma, other immunodeficiencies, 
other septicaemia and pneumonia. 

► Altogether, 72 210 deaths were recoded to AIDS between 
1985 and 2009, representing 27% of misclassification of 
AIDS deaths in Brazil. 

► Efforts need to be made to reduce misclassification of 
causes of death in the future. 
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